Introduction
Fractional differential equations are the generalization of the traditional differential equations, and they play more and more important roles in the fields of fluid mechanics, material mechanics, biology, plasma physics and finance, and receive more and more attention [1] . The fractional diffusion equations are always used in describing the abnormal Klein-Gordon phenomenon [2] [3] [4] [5] 
and boundary conditions ( ) ( )
Recently, we provided the Legendre-collocation methods and convergence analysis for the nonlinear Volterra type integral Equations in [6] [7] [8] . The main contribution of this work is constructing the Jacobi spectral collocation approximation in both space and time to the nonlinear time-fractional Klein-Gordon equation and an analysis of the convergence of the proposed method.
The Jacobi collocation method
Applying the Riemann-Liouville integral of order γ on (1) , it yields the following integral equations
In order to make use of orthogonal polynomials, we make the following transformation so that the variables in the standard interval [ ] (4) can be written in the following form
with boundary conditions ( ) ( ) ( ) ( )
For the collocation methods in time, (5) holds at the Jacobi collocation points { } 
We make the linear transformation as follows:
Thus, we transfer the integral interval [ 1, ] 
We first use (10) where ( ) t F j are the Lagrange interpolation polynomials associated with collocation points
Combining the Gauss quadrature formula and (10), (9) can be approximated by (11) can be approximated by
Then the full-discreted solution of (13) 
Convergence analysis
In this section, we carry out the error estimations for the solution of the semi-discretized and full-discretized problems. Now we devote to provide a convergence analysis for the numerical scheme. The goal is to show that the rate of convergence is exponential. Using the boundary conditions, we have 
M u x t satisfies the following collocation equations for 0 j M ≤ ≤ , 
Subtracting (9) from (11), (14) from (13), it yields
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Multiplying by ( ) j F y both sides of (16) and summing from 0 to M for j yield， 
I u x t u x t I t t s t s u x s t s u x s K x t I u x t u x t
where
.
E x t u x t u x t E x t u x t u x t E x t u x t u x t = − = − = −
It follows from (18) that 
. 
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Using L ∞ and weighted 2 L error bounds (see [12] and [13] , (9)), from (17) we have
( ) , [ 1, 1] 1,4,6,7
Finally, it follows from [12] (see p.153 and Lemma 3.5,), and [9] (see (9) ) that
where C is independent of N and M . By subtracting (11) from (12), we obtain
H x both sides of (28) and summing from 0 to N for i , and 
Conclusion
In this work, the time-space spectral collocation method for time fractional Klein-Gordon equation was proposed. The equation holds at the Jacobi spectral collocation points in the time and space direction and the full discrete form is obtained in detail. This method is easy to deal with the nonlinear situations. The numerical solution with higher accuracy can be obtained with fewer points.
